e BRI g oo a8 e v s s £ e

National Aeronautics %i. aministration
Goddard Space Flight Center

Contract No.NAS-5-12487
ST -IGA -10 533
%‘2

ON A COHERENT RADIOEMISSION MECHANISM
IN QUASARS /ND IN THE REMAINS OF SUPERNOVAE

v s

V. L. Ginzburg ‘-
L. M. Ozernov

[USSR]

GPO PRICE $

CFSTI PRICE(S) §

N67 13236

(ACCESSION NUMBER) (THRU)

Har . sopy (HC) L 20 : P
> /
Microfiche ‘M F) 4 Sﬁ § PAGES) Acgpm)
76883 July 65 £ (NASA CR OR TMX OR AD NUMBER) {CATEGORY) S

14 NOVEMBER 1966




ST -1GA -10533

ON A COHERENT RADIOEMISSION MECHANISM

IN QUASARS AND IN THE REMAINS OF SUPERNOVAE

Translation from by
Preprint presented at the §
Symposium of the International

Astronomical Union, No.29,

"Nonstationary Events in Galaxies"

BYURAKAN, 3-12 May 1966.

L. Ginzburg
. M, Ozernoy

2227

ABSTRACT /

It is shown in this paper that in principle, coherent mechanisms can be
responsible for the emission, of which the interpretation is otherwise diffi-
cult within the framvork of incoherent magnetic bremmstrahlung mechanism,
without in any way attempting to deny, or to minimize its role ifi sources of
cosmic radiation. To make the realization of coherent mechanisms possible,
the authors invoke the earlier proposed quasistationary model of quasars, the
"magnetoid"’

* *

This report is based upon the work [1], the authors using also some of
their other results [2-5]. Numerous details and calculations are found in
these works. It is thus quite clear that we are not in a position to pause
here with some detail at the above results, and we shall refer below only to
the fundamental situations and results.

We shall speak of quasars and remains of supernovae. The joint conside-
ration of these diversified objects is to some extent casual within the frame-
work of the current report. As a matter of fact, the variability of radio-
emission from quasars and the considerable compactness of the local source of
longwave radioemission in the Crab Nebula were discovered almost simultaneous =
ly in 1965.

The common trait of these quite independent discoveries lies in the im-
possibility to attempt the linking of the received radioemission with the
standard magnetic bremmstrahlung mechanism for quasars and in the case of
"compact' source in the Crab.*

* A certain incoherent magnetic bremmstrahlung in vacuum is implied,
of which the intensity is proportional to the number of emitting relativis-
tic electrons (see, for example, [6]).
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Indeed, in case of quasars and for the local source in the Crab, the re- ¥
gistered radioemission originates from a comparatively small volume (the up- :
per limit of dimensions of the emitting region in quasars is estimated from
the characteristic time of flux vatiation, and for the source in the Crab --
from observation of its interplanetary scintillations). Meanwhile, the rela-
tivistic electrons contained in a source of limited dimensions may not,
strictly speaking, emit more actively than a blackbody with temperature
T ~E/«x , where E is the characteristic energy of electrons and « is the Boltz-
mann constant, no matter what their concentration. A more precise limitation
may be indicated, giving ourselves the spectrum of electrons, and taking into
account their re-absorption (self-absorption) in the source (see [1]). Here
only one conclusion is material, namely that taking into account self-absorp-
tion, the source of relativistic electrons has for a given magnetic field a
limited magnetic bSremmstrahlung luminance, no matter how great the total ener-
gy of electrons in it.*

If for a source with either selection of its model (dimensions, distance
luminance) an incoherent bremmstrahlung emission mechanism cannot take place
on account of the cause indicated, it is customary to speak of 'difficulties!'
As is well known in literature, a way out of these difficulties is tentative-
ly sought for in the assumption of relatively small (not cosmological) dis-
tance to quasars (''local theory").

Without pausing at criticism of this hypothesis on quasars as small ob-
jects, appeuaring to us as little probable, we should like to underscore the
following. In the above-indicated context we are not led to speak of any
"difficulties''of the theory of magnetic bremmstrahlung In reality, the suc-
cess in applying the magnetic bremmstrahlung emission mechanism in astrophy-
sics is to a significant extent connected with the fact that this mechanism
acts effectively already in vacuum, or in a sufficiently rarefied medium.

The latter implies that the {ollowing inequality is observed for the frequency
of the observed emission

IR (1)

where v. is a certain characteristic frequency, for example, the Langmuir
frequency

wy, 1 4qre N )

Y
VL= = g ~10* N “%ps. (2)

Here N is the concentration of electrons in the emitting region. Generally
speaking, the frequency v. depends not only on Vv, but also on gyrofrequency

- W eH a 6
v = =2 3.1(° H cps
7r  Zmme P ()
where H is the intensity of the magnetic field in the source (the field in
(3) being measured in oersteds). The relationship of v, with vy, and vq de-
pends only on the orientation of the wave vector K of the em1551on relative

* In fact, however, the total energy of electrons is obviously always limited

(for more details reter to Appendix of [1]).
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to the field H; the expression v a(y 'fvn)lé is rather characteristic.
When accounting the influence of the index of refraction of the plasma on
bremmstrahlung, ve v v (see [6]). Besides,v, and v, the frequency Ve
may be dependent on tﬁe medium's motion veIOC1ty v relative to the observer,
or, to be more precise, on the quantity kv.

So long as inequality (1) is observed, the role of the medium may be neg-
lected and the magnetic bremmstrahlung takes place in the same way as in
vacuum. In most of cases (for the Galaxy and for supernova shells) inequa-
lity (1) 1is entlrely valid for the greater part of the radloband For example
when N v 1 cm™ 3 the frequency v, 10" cps and even for N n 10% cm~3 this fre-
quency is

v, v 10°cps (AL = ¢)ve v 3-10"cm v 300 m;
and for H <103 oe, the gyrofrequency is
v, < 3.10%cps (*,=c/v, > 107cm = 100 km ).

When inequality (1) is disrupted, there is no longer any foundation, and
at times it is simply erroneous to limit ourselves to the consideration of
the incoherent magnetic bremmstrahlung emission mechanism. This was already
well known from the example of the Sun [7 - 9]. The same refers as fully to
""compact'' sources in supernova shells and at times to quasars. Therefore, if
the magnetic bremmstrahlung model of the source is contradictory, this points
in the first place to the limitation of the area of applicability of the inco-
herent bremmstrahlung emission mechanism laid at its basis, and not to the ne-
cessity of passing to radically different representations (artificial nature
of sources, ejection of quasars from the nucleus of the Galaxy and generally
the '"local" origin of quasars).

Let us underscore once more that above we referred not to an arbitrary
hypotheris, but to the contrary, by its very substance the ''compact' source--
in the Crab Nebula and the quasars may contain in some of its regions u suffi-
ciently dense plasma, whereas the field intensity in these or other regions
may be great, with the result that the frequencies v, and v, are such that
inequality (1) is disrupted.

Therefore, for a dense plasma it is natural, and sometimes necessary to
turn to coherent emission mechanisms.* There are many such mechanisms, so
that great possibilities arise here [1, 7 - 10]. We shall limit ourselves
here to recalling three cases.

I. Magnetic Field Absent or Immaterial

Beams of particles, or, more effectively, shock waves excite plasma
waves of frequency w and wave vector k, which are limited by the relation

* TFor a coherent mechanism we recognize here a mechanism for which the
power of emission is proportional to the number of emitting particles, for
example, the concentration N or the total number of relativistic electrons
in the source,/ NgdV.



P s Y e R L T p e SRR S g N Y

L T s DAty e 4 g -

w’ = wl LN kz,
m
50 long as
§_’ir_ k2 << m%’
m
these waves attenuate only feebly and this is why it may be considered that to
the frequency , responds a concentration of electrons N corresponding to the
frequency w, (see [2]). Longitudinal waves are transforming into transverse
waves (radiowaves) by various means. Most simple and possibly sufficiently
effective is the transformation at the expense of scattering in density fluc-

tuations taking place with the cross section

2
m € -25 . 2
0N op= S(—) = 6.65-1025cm
T7 3 e
(calculated for one plasma electron). Another transformation mechanism that
may still be more effective under specific conditions is the scattering in

plasma waves, shock wave fronts, etc.

Estimates show [1] that this coherent mechanism variant may fully ex-
plain the emission of a 'compact' source in the Crab Nebula. However, for
quasars there arises a substantial difficulty linked with radiation absorp-
tion on account of collision in the nonrelativistic plasma over the path from
the emitting region (where the frequency of the observed emission v ~'v) to

the outlet of quasar's shell,

2. The Magnetic Field is Substantial and Mgreover

\)"‘\"u

However, at the same time, though v,<< v, the presence of plasma is essen-
tial for the very possibility of coherent mechanism.

As is well known, normal electromagnetic waves in a magnetoactive plasma
are generally neither longitudinal nor transverse (for details, see, for example
[11]). High frequency normal waves of interest to us are excited by beams and
low frequency waves (in particular, magnetohydrodynamic shock waves) and as a
result of action by various transformation mechanisms, egress from the system
in the form of observed radiowaves. In this variant, for v, »> v, generation-
takes place at a level v av, to which may respond a substantially lower plas-
ma density than in the case 1. This is why, prior to their egress from the

system, the absorption of waves is not as great either.

Therefore, on the one hand because of lesser radiowave absorption, and,
on the other hand on account of greater energy density of high-frequency
waves (the other conditions being equal), this mechanism (which could be de-
signated as a coherent magnetoplasmic mechanism) is considerably more effect-

ive in the case of quasars, As is shown by the estimates of the work [l],
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it might, in principle, explain the origin of the variable part of quasar
radiomeasurement in frequencies, where the incoherent bremmstrahlung mecha-
nism is "inoperational".

3. Let us pause at still one more mechanism that is tu some extent
parent of both the coherent mechanism and that of incoherent bremmstrahlung.
Namely, as was recently shown (for other forms of energy spectium of elect-
rons), in the presence of plasma the reabsorption coefficient of magnetic
bremmstrahlung radiation may be negative [10]. As a vesult of radiation
propagation in the region containing relativistic electrons, the intensity
increases according to the law

I = Iy exp( £L|u|d1),

where ; is the puath covered. It is then important that for an isotropic dis-
tribution of electrons by directions we always have in vacuum ;; > 0, i. e. re-
absorption takes place (see [8, 10]). As to the possibilities of enhancement

( u< (), it appears only when the influence of the medium is taken into account,
that is, it may occur only in denser regions. The coherent character of this
emission, just as reabsorption, is obvious from the fact that u= u(Ng), where
Ne is the concentration of relativistic electrons. This is why the luminance
of the object depends, roughly speaking, on Ng exp(|u(Ng)|L), i. e., it is

not simply proportional to Ne. Incidently, and 1ndepen§ent1y from such a some-
what formal sign (the nonlinear cependence on Ng), it is clear that any absorp-
tion and enhancement of radiation constitute a coherent process. (Obviously,
when either absorption or enhancement are linked with the action of the medium
surrounding the radiating particles, the radiation may be incoherent relative
to these particles. But in our case we deal with absorption or enhancement by
the radiating particles themselves).

According to [10], such an enhancement mechanism may be of no interest to
the Sun, for the compact source in the Crab Nebula and for quasars. It should
be noted, however, that in the case of quasars this mechanism sets forth ex-
ceptionally hard requirements to plasma temperature, which must be extremely
high for the bremmstrahlung absorption of coherent radiation to be small. Thus
accgrdlng to [10], for quasars STH-102 u plasma concentration of about N 108
cn™ is required when the temperature T > 108°K. But in case of quasars
EC-273-B, the interpretation of its variable radioemission in the microwave
band with the aid of the coherent magnetic bremnstrahlung mechanism leads for
a source of dimensions L a3 106 cm to

N ~5.1011: 2 -1022¢p~3
and [10] T>5.10% + 2 -1010¢°k,

It is easy to show that in these conditions the luminance of quasars
would have been mostly conditioned by the standard bremmstrahlung emission
mechanism of heated plasma (practically to relativistic velocities!), where-
upon this emission would have been by several orders more powerful than that
received.
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Summarizing, it may be concluded that in principle, coherent mechanisms
may be responsible for the emission, of which the interpretation within the
framework of incoherent magnetic bremmstrahlung mechanism is met with diffi-
culties of virtually insurmountable nature. It is obvious that we do not
intend to negate in any way or to minimize the role of the standard incoherent
magnetic bremmstrahlung mechanism in the sources of cosmic radiation, inclu-
ding quasars. ‘There is, however, a basis to turn to coherent mechanisms in
the cases, when observations reveal generation of radiation in regions of suf-
ficiently small dimensions that contain a comparatively dense plasma. In such
conditions, when inequality (1) is disrupted, the electromagnetic oscilla-
tions in a system of frequency v and the motion of particles in the plasma
arc closely linked among themselves, so that the radiation of that system no
longer has an incoherent character,

e, € WIS

However, the realization of coherent emission mechanisms depends not
only on the presence of convenient values of electron concentration, determi-
ving the frequency v, , and on the intensity of the magnetic field, deter-
moning the frequency v, . It is obviously also necessary to assure in the
radhating region a sufficiently high oscillation level (plasma waves, stan-
dard electromagnetic waves). Speaking more concretely, it is necessary that
the energy density of these waves constitute a notable fraction of inner ener-
gy density %.hkq‘or of magnetic energy density H? / 87. Thus, the most im-
portant, if“not the fundamental question, aricing during the analysis of the
possibility of generation of coherent radiation is that of the presence of
a sufliciently powerful source of the corresponding waves.

In connection with this we should like to emphasize that the lust re-
quirement is automatically satisfied in the earlier presented quasistatio-
nary model of quasars — the "magnetoid" [4, 5] (see also the works prece-
ding it [Z2, 3 and 15]). The magnetoid constitutes a plasma configuration
with high radial pressuare, in which the stability, and partially also the
equilibrium itsell are assured at the expense of dynamic motions. The magne-
tic field plays a tundamental role, hindering the rapid dissipation of the
latter. 'The magnetoid formation may be the consequence of contraction of
a rotating cloud of "magnetized" plasma, in which the developed macroscopic
motions were not only attenuated, but have passed at the end into a quasi-
stationary magnecoturbulent motion. 11 the largest scale these motions are
to a significant extent coordinated.

Let us outline some of the singularities of the magnetoid.

a) In the process of secular contraction the total energy liberation
constitutes near 1% of Mc2,  Although this "efficiency factor" is only
little greater than the yjeld of standard nuclear reactions, and owing to
the possibility within the framework of this 'magnetic' model of sustaining
in equilibrium very large masses (to 10°M, ), the total energy liberated
(up to 10%! ergs) is entirely sufficient to explain the phenomena observed

in quasistellar objects,




b) The "magnetic' model explains in an unconstrainable fashgon the pre-
sence in quasar nuclei of magnetic fields of the order of 10%: 0° cersteds,
which my be arrived at from analysis of magnetic bremmstrahlung of objects
or arewequired in the case of coherent mechanism of the variable radioemission
component (1, 4, 12].

c) The presence of cyclical regime of motions against the background
of magnetoturbulent oscillations determines the variability ot the field i
in the emitting region. This, and possibly also the modulation of the acce-
lerating mechanism, leads to the variability of source's emission (for
example, the radiation intensity for electrons with spectrum N (E) = KE"Y is
proportional to H(®* 1)/2  and varies correspondingly as a function of the
form of the function H(t)).

d) The presence of magnetic turbulence may fully ensure the accelera-
tion of particles as a result of well known mechanisms as wc!l as, in the
first place, of direct conversion of magnetic energy into encrgy of fast
electrons [13].

e) As a matter of fact, magnetic turbulence is a combination ol various
partly chaotic motions and magnetohydrodynamic waves. As alrcady mentioned, in
the magnetoid model under discussion the problem of generation of oscillagtions
is resolved from the very beginning, at least qualitatively.

We are not in a position to pause here in detail at the mignetoid mode!
(see [4, 5, 14]),nor can we do it for emission mechanisms. ‘Therefore we shai'’
only indicate in conclusion some corollaries of the devcloped represcatations,

1. The magnetic bremmstrahlung is always either non polarized or linear-
ly polarized in real conditions (see [6]). To the contrury, the inciherent
plasma radiation, taking into account the influence of the magnetic {icld, way
include a component polarized either elliptically or circularly. This is why
it is necessary to ascertain the possibility of the presence ol ellipticully
polarized compoment of sources' radioemission, which there is basis here to
consider if only partially nonmagnetic bremmstrahlung.

2. The character of variations of radioemission flux must depend on the
wavelength. For a coherent mechanism, within the limits of a specific tie
quency interval it is natural to anticipate similarity of flux's spectral den
sity variations with phase shift, depending upon the frequency. Assume, for
example, that on account of a certain perturbation at level r; the emission
intensity in frequency v, has changed, the level r, responding to that frewus
cy and being counted, say, from the center of the quasar. Then the very sumo
perturbation (for example a shock wave propagating from within) attains a
level r, >r, with a lag, so that the intensity variation in the frequency
corresponding to the level r, will differ by a known phase difference.

The presence of separate ''ejections' in a narrow frequency interval may
also be expected (analogous to those observed in sporadic solar radioemission
conditioned, for example, by ejection of fast particles during lLuul "flare"
processes in the magnetoid.
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3. The flux variations due to the coherent mechanism may result, begin-
ning from a certain frequency, smallzr than the corresponding variations con-
ditioned by the magnetic bremmstrahlung mechanism. The search for this sort
of '"transitional' frequency (apparently lying in the microwave band in the
case of 3C 273-8) is very important for the refining of p:rameters of quasi-
stellar objects; this search could be undertaken by way of measurements of
polarization, distinct in the named regions and differently depending on fre-
quency.

Above we specially noted a few specific moments. However, in order to
verify the model discussed, all other data on quasars (eventually more impor-
tant and more numerous), obtained by radio and optical methods, may be useful.
Of extreme necessity would be also measurements in the X-ray and gamma-ray
bands [12].

At present we still are not induced to speak in terms of the complete
theory of quasars. At the same time, we should like to underscore that with-
in the framework of the material known to us the ''magnetic model' is not met
with contradictions, and it appears to us as being quite realistic.

At any rate, we are at present in no position to suggest an alternative,

somewhat realistic method of quasur, describing from a single viewpoint a
large conjunction of observed facts.

28 T HE END xx=x

Contract No.NAS-5-12487 Translated by ANDRE L.SRICHANT
VOLT TECHNICAL CORPORATIGN
1145 19th St.NW, or 1:-.4 November 1966

D.C. 20036; Tel: 223-6700

REFERENCES

1. V. L. GINZBURG, L. M.OZERNOY. IVUZ, Radiofizika, 9, (9?), 221, 1966

Astrophysical Journal 144, 599, 1966

2. V. L. GINZBURG. Dckl.AN SSSR, 156, 43, 1964.

Quasistellar Sources and Gravitational Collapse.Chigggg
1965

3. V. L. GUINZBURG, L. M. OZERNOY.- ZhETF, 47, 1030 (1964).

4. L. M. OZERNOY. Astronom. Zh. 43, 300, 1966.

S. L. M. OZERNOY. Trudy Simpoziyuma ''Peremennyye zvezdy i zvezdnaya evolyu-
tiya" (Proc. of Symposium on 'Variable Stars and Stellar
Evolution). Moskva, 24-27 Nov. 1966 (I1zd.NAUKA, 1966)

.. cont'd...

C e S . A e ¢ . e Semie e a b e da—

N T PN PR I
e,




Bt 7 Teie FE TR 7 vrangr JUENIN L NERITED SR P RO Tk W e e,

ST-IGA-10533 9.

REFERENCES cont inued

10.
11.

12.

13,
14.
15.

. GINZBURG, S. I. SYROVATSKIY. UM, 87, 65, 1965.

Ann.Rev.Astr.§ Astroph. 3, 297, 1965.

. GINZBURG, V. V. ZHELEZNYAKOV. Paris Symp. on RadioAstroncmy.

Stanford Univ.Fress, 574, 1959
also Radioastronomiya p.559 IL 1961. Astronom.Zh. 35, 1958,
Ibid. 35, 233, 1959; ibid. 38, 3, 1961.

. WILD, S. F. SMERD, A. A. WEISS. Ann.Rev.::tronomy § Astrophys. 1, 291

1963,
also UEN 74, 99, 1964,

. ZHELEINYAKOV. Radioizlucheniya Solntsa i planet, I1zd.NAUKA, 1964.

(Radioemission of Sun and planets).

. ZHELEZNYAKOV. ZhETF (in print); Astronom.Zh. (in print).

. GINZBURG. Rasprostraneniye elektromagnitnykh voln v plazme (Pro-

pagation of electromagnetic waves in the plasma)
Fizmatgiz, 1960, Perg.Press, 1964.

. GINZBURG, L. M. OZERNOY, S. I. SYROVATSKIY, Dokl.AN SSSR. 154, 1964.

. 1.

also Quasistellar Sources and Gravitational Collapse.
277, Chicago 1965.
SYROVATSKIY. Astronom. Zh. 43, 340, 1966.

. M.

OZERNQY .- Current issue, pp....

. LAYZER. Astrophys. J. 141, 837, 1965.




